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:KHQ OLJQRFHOOXORVLF ELRPDVV LV XVHG IRU DOFRKRO SURGXFWLRQ QG JHQHUDWLRQ ELR HWKDQRO DQG
KLJKHU RUGHU DOFRKRO WKH DOFRKRO FRQWHQW GHULYHG E\ IHUPHQWDWLRQ LV UHODWLYHO\ ORZ W\SLFDOO\
EHORZZW'XH WR WKH KLJKZDWHU FRQWHQWPXFKHQHUJ\ LVQHHGHG IRU WKHFRQFHQWUDWLRQ RI
DOFRKRO E\ GLVWLOODWLRQ $ SRVVLEOH DOWHUQDWLYH IRU WKH WKHUPDO VHSDUDWLRQ VWHS LV SHUYDSRUDWLRQ
ZLWKRUJDQRSKLOLFPHPEUDQHV=HROLWHPHPEUDQHVRQFHUDPLFWXEXODUVXSSRUWVZHUHGHYHORSHG
>@ZKLFK DUH FKDUDFWHUL]HG E\ KLJK IOX[HV KLJK VHOHFWLYLW\ DQG KLJK WKHUPDO UHVLVWDQFH+LJK
SURFHVVLQJFRVWVRI]HROLWHPHPEUDQHVDUHUHVXOWLQJKLJKLQYHVWPHQWFRVWV)RUORZWHPSHUDWXUH
DSSOLFDWLRQ ]HROLWH ILOOHG SRO\PHULF PHPEUDQHV ZLWK KLJK ILOOLQJ GHJUHH PD\ EH DQ HFRQRPLF
DOWHUQDWLYH $ GHILQHG UDQJH RI SDUWLFOH VL]H GLVWULEXWLRQ DOORZV KLJK VLOLFDOLWH FRQWHQWV LQ D









7R KLJKHU WKH DGVRUSWLRQ FDSDFLWLHV RI RUJDQRSKLOLF FRPSRXQGV WKH SDUWLFOH VXUIDFH ZDV
K\GURSKREL]HGE\UHDFWLRQZLWKSRO\VLODQHV7KHVH]HROLWHVZHUHGHHSO\LQYHVWLJDWHGLQSDUWLFOH
PRUSKRORJ\ SRURVLW\ DQG DGVRUSWLRQ SURSHUWLHV 7KH SDUWLFOHPRUSKRORJ\ ZDV H[DPLQDWHG E\
6(0DQG ODVHUGLIIUDFWLRQ7KHSRURVLW\DQGSRUHVL]HGLVWULEXWLRQZHUHREWDLQHGIURPQLWURJHQ
VRUSWLRQ H[SHULPHQWV 7KH DGVRUSWLRQ FDSDFLWLHV ZHUH WHVWHG ZLWK OLTXLG VRUSWLRQ H[SHULPHQWV
ZKLFK ZHUH FRPSDUHG ZLWK WKH DGVRUSWLRQ LQ D VDWXUDWHG YDSRU DWPRVSKHUH /LTXLG VRUSWLRQ
H[SHULPHQWV ZHUH SURFHHGHG E\ DGGLQJ ]HROLWH SRZGHUV WR GHILQHG OLTXLG PL[WXUH RI 
EXWDQROZDWHUDQGKHDWLQJDW&IRUK$IWHUZDUGVWKHVXVSHQGHGSDUWLFOHVZHUHVHSDUDWHG










)RU 000 SUHSDUDWLRQ ]HROLWH SRZGHU DQG 3'06 DGGHG LQWR WHWUDK\GURIXUDQ )RU D
KRPRJHQHRXV DQG EXEEOHIUHH PL[WXUH WKH VXVSHQVLRQ ZDV WUHDWHG E\ D ODERUDWRU\
PL[LQJV\VWHP³VSHHGPL[HU´7KHKLJKO\YLVFRXVVXVSHQVLRQZDVFDVWRQWRWKH3$1SRURXV
VXEVWUDWHGLUHFWO\7KHFRPSRVLWHPHPEUDQHZDVGULHGDWURRPWHPSHUDWXUHIRUVHYHUDOKRXUV
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DQG WKHQ SODFHG LQ IXUQDFH DW  & WR UHPRYH WKH UHVLGXDO VROYHQW DQG SRO\PHUL]H WKH
SRO\VLOR[DQH 7R FKDUDFWHUL]H WKH SRO\PHU DV ZHOO DV WKH SRO\PHU]HROLWH FRPSRXQG IUHH
VWDQGLQJ QRQVXSSRUWHG PHPEUDQHV ZHUH SUHSDUHG E\ FDVWLQJ RQ VWDLQOHVV VWHHO SODWHV DQG
UHPRYLQJRIWKHILOPDIWHUSRO\PHUL]DWLRQ
0HPEUDQHV ZHUH FKDUDFWHUL]HG E\ VHSDUDWLRQ H[SHULPHQWV SHUYDSRUDWLRQ 39 LQ ORZ
FRQFHQWUDWHGHWKDQROZDWHUDQGEXWDQROZDWHUPL[WXUHVDW&DQG&UHVSHFWLYHO\
5HVXOWV




%\ DGVRUSWLRQ WHVWV D ORZHULQJ RI WKH DGVRUSWLRQ FDSDFLW\ E\ JULQGLQJ ZDV IRXQG +LJKHVW
FDSDFLW\ZDVIRXQGIRUQRQJULQGHGDQG+70SRZGHUV$GGLWLRQDOK\GURSKREL]DWLRQ LQIOXHQFHG
WKHDGVRUSWLRQRQO\VOLJKWO\
$IWHU WHVWLQJRIGLIIHUHQWSRO\PHUVE\39 WKHEHVW SRO\PHUVZHUHVWHSZLVH ILOOHGZLWK GLIIHUHQW
0), ]HROLWH FRQWHQWV RI WKH GLIIHUHQW SRZGHU SUHSDUDWLRQ DQG PRGLILFDWLRQ PHWKRGV 2Q IUHH
VWDQGLQJPHPEUDQHVRIPPWKLFNQHVVORZIOX[HVRINJPðKDQGHWKDQROFRQFHQWUDWLRQ
RIZWZHUHIRXQGIRUSXUH3'06&ZW(W2+LQIHHG$GGLQJRIJULQGHGSRZGHUV
SUHSDUHG ZLWKRXW 6)' JLYHVPHPEUDQHV RI KLJK VHOHFWLYLW\ SHUPHDWH FRQFHQWUDWLRQ ZW
DQGLQFUHDVHGIOX[HVLQDFOHDUGHSHQGHQFHRQWKH]HROLWHFRQWHQW)LJDQG6)'SRZGHUV
LQFUHDVHG WKH IOX[ E\ WKH IDFWRU RI  XS WR NJPðK EXW NHHSV WKH VHOHFWLYLW\ TXLWH ORZ
SHUPHDWHFRQFHQWUDWLRQZW$GGLWLRQDOO\DGGLQJ+71SRZGHUPDGHLWSRVVLEOHWRLQFUHDVH
WKH ]HROLWH FRQWHQW LQ WKH PHPEUDQH XS WR ZW EXW PHPEUDQH GHIHFWV ORZHUHG WKH
VHOHFWLYLW\
7KH EHVW FRPELQDWLRQ RI ]HROLWH VLOLFRQH DQG SURFHVV SDUDPHWHU ZHUH FKRVHQ WR REWDLQ WKLQ
ILOPV RI P WKLFNQHVV RQ WRS RI 3$1VXSSRUWV ,Q FRPSDULVRQ WR WKH WKLFN IUHH VWDQGLQJ
PHPEUDQHV IRU DOO WKLQ ILOP000DQ LQFUHDVLQJ RI IOX[ E\ D IDFWRU RI  DQG QHDUO\ FRQVWDQW
VHSDUDWLRQ IDFWRUZDV IRXQGJLYLQJ KLJK IOX[ DQGKLJK VHOHFWLYLW\000 IRU HWKDQRO XSJUDGLQJ
2QHPHPEUDQHZDVDOVRWHVWHGLQEXWDQROZDWHUPL[WXUHV&ZWEXWDQRO:LWKDIOX[
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